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(A) RADICAL UNIT MANUFACTURING STEP

(B) AUXILIARY MANUFACTURING STEP

(C) UNFINISHED ELECTRODE
ASSEMBLY MANUFACTURING STEP

(D) UNFINISHED ELECTRODE
ASSEMBLY PRESSING STEP

(E) FINISHED ELECTRODE ASSEMBLY
MANUFACTURING STEP

(F) SECONDARY BATTERY MANUFACTURING STEP

FIG. 6
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1
ELECTRODE ASSEMBLY, SECONDARY
BATTERY COMPRISING THE SAME,
METHOD FOR MANUFACTURING
SECONDARY BATTERY, AND BATTERY
PACK

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims the benefit of the priority
of Korean Patent Application No. 10-2019-0008258, filed
on Jan. 22, 2019, which is hereby incorporated by reference
in its entirety.

TECHNICAL FIELD

The present invention relates to an electrode assembly, a
secondary battery comprising the electrode assembly, a
method for manufacturing the secondary battery, and a
battery pack, and more particularly, to an electrode assembly
having a structure for blocking introduction of foreign
substances into side surfaces, a secondary battery compris-
ing the electrode assembly, a method for manufacturing the
secondary battery, and a battery pack.

BACKGROUND ART

In general, secondary batteries refer to chargeable and
dischargeable batteries, unlike primary batteries that are not
chargeable. The secondary batteries are being widely used in
the high-tech electronic fields such as mobile phones, note-
book computers, and camcorders.

The secondary batteries may be variously classified
according to a structure of the electrode assembly. For
example, the secondary batteries may be classified into a
stacking type structure, a jelly-roll-type structure, or a
stacking/folding type structure.

The stacking type secondary battery comprises an elec-
trode assembly and a pouch that accommodates the elec-
trode assembly, and the electrode assembly has a structure in
which an electrode and a separator are separately stacked.
Also, a lamination process is performed on the electrode
assembly having the stacked structure as described above to
improve bonding force.

However, in a transfer step of the lamination process,
there is a problem that foreign substances such as electrode
powder are introduced into side surfaces of the electrode
assembly. As a result, quality problems such as low voltage
failure may occur due to the foreign substances introduced
into the side surfaces of the electrode assembly.

DISCLOSURE OF THE INVENTION

Technical Problem

An object of the present invention is to provide an
electrode assembly in which introduction of foreign sub-
stances and electrode powder into side surfaces of the
electrode assembly is blocked to prevent low voltage failure
from occurring, thereby improving quality, a secondary
battery comprising the electrode assembly, a method for
manufacturing the secondary battery, and a battery pack.

Technical Solution

An electrode assembly according to a first embodiment of
the present invention for achieving the above object com-
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prises: a radical unit in which electrodes and separators are
alternately stacked, the radical unit having one electrode
stacked at the uppermost end; and a separation sheet dis-
posed at the uppermost end of the radical unit, wherein the
separation sheet comprises: a separation part disposed at the
uppermost end of the radical unit; and a pair of side surface
protection parts, each of the pair of side surface protection
parts connected to a side surface of the separation part and
folded to contact a side portion of the radical unit to cover
the side portion of the radical unit.

The side surface protection parts may adhere to side
surfaces of each of the separators provided in the radical
unit.

Adhesion between the side surface protection parts and
the side surfaces of the separators may be less than adhesion
between each of the electrodes and the separators in the
radical unit.

The radical unit and the separation sheet may adhere to
each other with adhesion less than adhesion between each of
the electrodes and the separators in the radical unit, or are
adjacent to each other without the adhesion.

The separation sheet may be made of a synthetic resin
material. The electrode assembly may further comprise a
fixing tape attached to surround the radical unit and the
separation sheet.

The electrode assembly may further comprise an elec-
trode disposed on the uppermost end of the separation sheet.

A cutoff line may be formed on a boundary between the
separation part and each of the side surface protection parts.

The side surface protection part may have an area greater
than that of the side surface of the radical unit.

A secondary battery according to a second embodiment of
the present invention comprises: an electrode assembly; and
a battery case configured to accommodate the electrode
assembly, wherein the electrode assembly comprises: a
radical unit in which a plurality of electrodes and a plurality
of separators are alternately stacked, the radical unit one
electrode stacked at the uppermost end; and a separation
sheet disposed at the uppermost end side of the radical unit,
wherein the separation sheet comprises:

a separation part disposed at the uppermost end of the
radical unit; and a pair of side surface protection parts,
each of the pair of side surface protection parts con-
nected to a side surface of the separation part and
folded to contact a side portion of the radical unit to
cover the side surfaces of the radical unit.

A method for manufacturing the secondary battery
according to the second embodiment of the present inven-
tion comprises: (alternately stacking a plurality of electrodes
and a plurality of separators to manufacture a radical unit,
wherein one electrode is stacked at an uppermost end of the
radical unit; (cutting a separation film to manufacture a
separation part having a size corresponding to each of the
separators and a pair of side surface protection parts, each of
the pair of side protection parts connected to a side surface
of the separator to manufacture a separation sheet; locating
the separation sheet at an uppermost end of the radical unit
and folding the side surface protection parts with respect to
the separation part and then locating the side surface pro-
tection parts on each side surface of the radical unit to
manufacture an unfinished electrode assembly; pressing the
uppermost end and a lowermost end of the unfinished
electrode assembly at the same time to allow the separation
sheet and the radical unit to adhere to each other; attaching
a fixing tape to surround the unfinished electrode assembly
and thereby to manufacture a finished electrode assembly;
and accommodating the finished electrode assembly in a



US 11,967,734 B2

3

battery case and sealing an edge surface of the battery case
to manufacture a finished secondary battery.

A battery pack according to a third embodiment of the
present invention comprises: one or more secondary batter-
ies; and a pack case configured to accommodate the one or
more secondary batteries, wherein the secondary battery
comprises: an electrode assembly; and a battery case con-
figured to accommodate the electrode assembly, wherein the
electrode assembly comprises: a radical unit in which a
plurality of electrodes and a plurality of separators are
alternately stacked, the radical unit having a structure in
which one electrode is stacked at the uppermost end; and an
auxiliary unit provided with a separation sheet disposed at
the uppermost end side of the radical unit, wherein the
separation sheet comprises: a separation part disposed at the
uppermost end side of the radical unit; and a side surface
protection part connected to each of side surfaces of the
separation part and folded to contact a side portion of the
radical unit to cover the side surfaces of the radical unit.

An electrode assembly according to a fourth embodiment
of the present invention further comprises an electrode
disposed at the uppermost end of a separation sheet of an
auxiliary unit.

An electrode assembly according to a fifth embodiment of
the present invention comprises a separation sheet, wherein
the separation sheet further comprises a pair of bottom
surface protection parts, each of the pair of bottom surface
protection parts connected to a lower end surface of one of
the side surface protection parts and folded t contact the
lowermost end surface of the radical unit.

A portion or the whole of the bottom surface protection
parts may adhere to the lowermost end surface of the radical
unit.

The separation sheet may further comprise a surface
protection part connected to each of both side surfaces of the
side surface protection part and folded to contact each of
front and rear sides of the radical unit.

An electrode assembly according to a sixth embodiment
of the present invention comprises a side surface protection
part, wherein the side surface protection part is cut from a
separation part when the electrode assembly is accommo-
dated in a battery case.

Advantageous Effects

The electrode assembly of the present invention may
comprise the radical unit and the auxiliary unit. The auxil-
iary unit may comprise the separation sheet, and the sepa-
ration sheet may comprise the separation part disposed at the
uppermost end side of the radical unit and a side surface
protection part covering the side portion of the radical unit.
Thus, the introduction of the foreign substances and the
electrode powder into the side surfaces of the radical unit
may be blocked to prevent the low voltage failure from
occurring, thereby improving the quality.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an electrode assembly
according to a first embodiment of the present invention.

FIG. 2 is a side view of the electrode assembly according
to the first embodiment of the present invention.

FIG. 3 is an enlarged view of a portion ‘A’ illustrated in
FIG. 2.

FIG. 4 is a side view of the electrode assembly to which
a fixing tape is attached according to the first embodiment of
the present invention.

30

40

45

55

4

FIG. 5 is a cross-sectional view of a secondary battery
according to a second embodiment of the present invention.

FIG. 6 is a flowchart illustrating a method for manufac-
turing the second battery according to the second embodi-
ment of the present invention.

FIG. 7 is a process view illustrating the method for
manufacturing the second battery according to the second
embodiment of the present invention.

FIG. 8 is a schematic side view of a battery pack accord-
ing to a third embodiment of the present invention.

FIG. 9 is a cross-sectional view illustrating an auxiliary
unit of an electrode assembly according to a fourth embodi-
ment of the present invention.

FIG. 10 is a perspective view of an electrode assembly
according to a fifth embodiment of the present invention.

FIG. 11 is a development view of a separation sheet of
FIG. 10.

FIG. 12 is a front view of FIG. 10.

FIG. 13 is a perspective view of an electrode assembly
according to a sixth embodiment of the present invention.

MODE FOR CARRYING OUT THE INVENTION

Hereinafter, embodiments of the present invention will be
described in detail with reference to the accompanying
drawings in such a manner that the technical idea of the
present invention may easily be carried out by a person with
ordinary skill in the art to which the invention pertains. The
present invention may, however, be embodied in different
forms and should not be construed as limited to the embodi-
ments set forth herein. In the drawings, anything unneces-
sary for describing the present invention will be omitted for
clarity, and also like reference numerals in the drawings
denote like elements.

Electrode Assembly According to First
Embodiment of the Present Invention

As illustrated in FIGS. 1 to 3, an electrode assembly 100
according to a first embodiment of the present invention
comprises a radical unit 110 and an auxiliary unit 120.

Radical Unit

In the radical unit has a structure, a plurality of electrodes
111 and a plurality of separators 112 are alternately stacked.
Particularly, the radical unit 110 has a structure in which the
electrode is stacked at the uppermost end.

That is, in the radical unit 110, the plurality of electrodes
111 and the plurality of separators 112 are alternately
stacked in a vertical direction. Thus, the radical unit 110 has
a structure in which the electrode 111 is stacked at the
uppermost end, and the separator 112 is stacked at the
lowermost end.

Here, the plurality of electrodes 111 comprise a first
electrode and a second electrode. Thus, in the radical unit
110, a four-layered structure in which the first electrode, the
separator, the second electrode, and the separator are stacked
is stacked once or repeatedly stacked.

Each of the electrodes 111 comprises a collector and an
electrode active material layer applied to both side surfaces
of the collector.

Also, the first electrode may be a negative electrode, and
the second electrode may be a positive electrode, and vice
versa.

Auxiliary Unit

The auxiliary unit 120 comprises a separation sheet 122
disposed at the uppermost end side of the radical unit 110.
The separation sheet 122 blocks introduction of foreign
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substances into the side surfaces of the radical unit 110 to
prevent the side surfaces of the radical unit 110 from being
contaminated.

For example, the separation sheet 122 comprises a sepa-
ration part 1224 disposed at the uppermost end side of the
radical unit 110 and a side surface protection part 1224
connected to each of side surfaces of the separation part
122a and folded to contact a side portion of the radical unit
110, thereby covering the side portion of the radical unit 110.
That is, in the separation sheet 122, the separation part 122a
is disposed at the uppermost end side of the radical unit 110
to protect the electrode disposed at the uppermost end of the
radical unit 110, and the side surface protection part 12254 is
connected to each of both side surfaces of the separation part
122a. The side surface protection part 1225 is folded toward
each of the side surfaces of the radical unit 110 to block
exposition of the side surfaces of the radical unit 110 to the
outside.

Thus, the auxiliary unit 120 may prevent the foreign
substances from being introduced into the side surfaces of
the radical unit through the separation sheet 122, thereby
preventing quality problems such as low voltage failures
from occurring.

The separation sheet 122 may be made of an inexpensive
material because the separation sheet 122 has only to blocks
only the introduction of the foreign substances into the side
surfaces of the radical unit 110. That is, the separation sheet
122 may be made of a synthetic resin material, particularly,
a polyethylene terephthalate (PET) material to improve easy
of purchase.

Particularly, the separation part 122« and the side surface
protection part 1225 are integrally formed to realize easy of
manufacture and prevent the separation part 122a and the
side surface protection part 1225 from being separated from
each other by an external impact.

As illustrated in FIG. 3, the side surface protection part
122b may adhere to a side surface of the separator 112
provided in the radical unit 110 to stably protect the side
surface of the radical unit 110 through the side surface
protection part 1225.

For example, heat is applied to an outer surface (a right
surface when viewed in FIG. 3) of the side surface protec-
tion part 1225 in a state in which a back surface (a left
surface when viewed in FIG. 3) of the side surface protec-
tion part 12256 and the side surface of the separator 112
provided in the radical unit 110 are in close contact with
each other. As a result, the separator 112 and the side surface
protection part 1226 may adhere while a coating layer
having adhesion force is melted. The separator 112 and the
side surface protection part 1225 may adhere to each other
by using an adhesive to improve the adhesion force.

The adhesion force between the side surface protection
part 12256 and each of the side surfaces of the separator 112
may be less than that between the electrode 111 and the
separator 112 in the radical unit 110. That is, when the
adhesion force between the side surface protection part 1225
and the side surface of the separator 112 is equal or greater
than that between the electrode 111 and the separator 112 in
the radical unit 110, the electrode 111 and the separator 112
may also be separated from each other when the side surface
protection part 1225 and the separator 112, which adhere to
each other, are separated from each other, thereby causing
product defects. That is to say, when the finished electrode
assembly is manufactured, the side surface protection part
1225 may be removed from the separation part 122a of the
separation sheet 122 to improve electrolyte impregnation.
Here, when the adhesion force between the side surface
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protection part 1225 and the side surface of the separator 112
is equal to or greater than that between the electrode 111 and
the separator 112 in the radical unit 110, the electrode 111
and the separator 112 may be also separated in the radical
unit 110 to cause defects.

Thus, the adhesion force between the side surface pro-
tection part 1225 and the side surface of the separator 112
may be less than that between the electrode 111 and the
separator 112 in the radical unit 110. Thus, the side surface
protection part 1226 may be removed from the side surface
of'the separator 112 without separating the electrode 111 and
the separator 112 in the radical unit 110.

The auxiliary unit 120 having the above-described con-
figuration may allow a battery capacity to increases and also
prevent the foreign substances from being introduced into
the side surfaces.

The radical unit 110 and the separation sheet 122 of the
auxiliary unit 120 may adhere to each other with adhesion
force less than that between the electrode 111 and the
separator 112 in the radical unit 110 or be adjacent to each
other without the adhesion force. That is, when the radical
unit 110 and the separation sheet 122 of the auxiliary unit
120, which are repeatedly stacked, are separated from each
other, the electrode and the separator, which are provided in
the radical unit 110, may be separated from each other in the
radical unit due to a difference in adhesion force. For
reference, the adhesion force may be expressed as peeling
force. For example, the adhesion force between the electrode
and the separator may be expressed as force required for
separating the electrode and the separator from each other.
In order to prevent this phenomenon, the radical unit 110 and
the separation sheet 122 of the auxiliary unit 120 may adhere
to each other with adhesive force less than that between the
electrode 111 and the separator 112 or be adjacent to each
other without the adhesion force. Thus, when the radical unit
110 and the separation sheet 122 of the auxiliary unit 120 are
separated from each other, the electrode and the separator,
which are provided in the radical unit, may be prevented
from being separated from each other to previously prevent
defects from occurring.

Fixing Tape

A fixing tape attached to surround the radical unit 110 and
the auxiliary unit 120 may be further provided.

That is, as illustrated in FIG. 4, the fixing tape 130 is
attached to be connected to the separation sheet 122 of the
auxiliary unit 120 and a bottom surface of the separator 112
disposed at the lowermost end of the radical unit 110. As a
result, bonding between the radical unit 110 and the auxil-
iary unit may be improved, and also, attachment of the side
surface protection part 1226 of the separation sheet 122
provided in the auxiliary unit 120 may be improved.

The side surface protection part 1225 may have an area
greater than that of the side surface of the radical unit 110.
Thus, even though a meandering defect occurs in the side
surface protection part 1225, the side surface protection part
1225 may stably cover the side surface of the radical unit
110.

A fine punching hole through which the foreign sub-
stances do not passes, but an electrolyte passes, may be
formed in the side surface protection part 1226 of the
separation sheet 122. The penetrability of the electrolyte into
the side surface of the electrode assembly 100 in which the
side surface protection part 1225 of the separation sheet 122
is provided may be improved by the punching hole, and thus,
the impregnation of the electrolyte into the side surface of
the electrode assembly 100 may be improved.
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Thus, the electrode assembly 100 according to the first
embodiment of the present invention comprises the auxiliary
unit 120 provided with the separation sheet 122. Therefore,
the introduction of the foreign substances into the side
surface of the electrode assembly 100 may be prevented to
previously prevent the defects from occurring.

Secondary Battery According to Second
Embodiment of the Present Invention

As illustrated in FIG. 5, a secondary battery 10 according
to a second embodiment of the present invention comprises
an electrode assembly 100 and a case 200 accommodating
the electrode assembly 100.

Here, the electrode assembly 100 comprises a radical unit
110 having a structure, in which a plurality of electrodes 111
and a plurality of separators 112 are alternately stacked, and
one electrode is stacked at the uppermost end, and an
auxiliary unit 120 provided with a separation sheet 122
disposed at the uppermost end side of the radical unit 110.

Particularly, the separation sheet 122 comprises a sepa-
ration part 1224 disposed at the uppermost end side of the
radical unit 110 and a side surface protection part 1224
connected to each of side surfaces of the separation part
122a and folded to contact a side portion of the radical unit
110, thereby covering side surfaces of the radical unit 110.

The electrode assembly 100 has the same configuration
and function as the above-described electrode assembly
according to the first embodiment of the present invention,
and thus, the same reference numerals are used, and dupli-
cated descriptions are omitted.

Thus, the secondary battery 10 according to the second
embodiment of the present invention comprises an electrode
assembly 100 provided with a separation sheet 122. Thus,
introduction of foreign substances into side surface of the
electrode assembly 100 may be prevented to previously
prevent defects from occurring, thereby improving commer-
ciality. Particularly, the separation sheet 122 may protect the
side surfaces of the electrode assembly 100 to prevent the
side surfaces of the electrode assembly 100 from being
damaged.

Method for Manufacturing Secondary Battery
According to Second Embodiment of the Present
Invention

As illustrated in FIG. 6, a method for manufacturing a
secondary battery according to a second embodiment of the
present invention comprises (A) a radical unit manufactur-
ing step, (B) an auxiliary manufacturing step, (C) an unfin-
ished electrode assembly manufacturing step, (D) an unfin-
ished electrode assembly pressing step, (E) a finished
electrode assembly manufacturing step, and (F) a secondary
battery manufacturing step.

(A) Radical Unit Manufacturing Step

Referring to (a) of FIG. 7, in (A) the radical unit manu-
facturing step, a plurality of electrode 111 and a plurality of
separators 112 are alternately stacked to manufacture a
radical unit 110. Here, the radical unit 110 has a structure in
which one electrode 111 is stacked at the uppermost end, and
one separator 112 is stacked at the lowermost end. Here, the
plurality of electrodes may be a negative electrode and a
positive electrode.

That is, (A) the radical unit manufacturing step has a
structure in which a four-layered structure comprising the
negative electrode that is one electrode, the separator 112,
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the positive electrode that is the other electrode, and the
separator 112 is stacked once or repeatedly stacked.

(B) Auxiliary Unit Manufacturing Step

Referring to (b) of FIG. 7, in (B) the auxiliary unit
manufacturing step, a separation film 122A having a prede-
termined size is cut to manufacture a separation sheet 122
comprising a separation part 122a having a size correspond-
ing to the separator 112 and a side surface protection part
1224 connected to each of both side surfaces of the sepa-
ration part 122a. Accordingly, the auxiliary unit 120 pro-
vided with the separation sheet 122 may be manufactured.

(C) Unfinished Electrode Assembly Manufacturing Step

Referring to (d) and (c) of FIG. 7, in (C) the unfinished
electrode assembly manufacturing step, the separation part
122a of the auxiliary unit 120 are disposed at the uppermost
end side of the radical unit 110. Next, after being folded
along a boundary between the separation part 122a and the
side surface protection part 1224, the side surface protection
part 12254 is disposed to contact a side surface of the radical
unit 110 to manufacture an unfinished electrode assembly
100A.

(D) Unfinished Electrode Assembly Pressing Step

Referring to (e) of FIG. 7, in (D) the unfinished electrode
assembly pressing step, the uppermost end and the lower-
most end of the unfinished electrode assembly 100A are
pressed using a pressing device 30 to bond the radical unit
110 and the auxiliary unit 120, which are provided in the
unfinished electrode assembly 100A, to each other.

Here, the radical unit 110 and the auxiliary unit 120
adhere to each other with adhesion force less than that
between the electrode 111 and the separator in the radical
unit 110.

Referring to (f) of FIG. 7, the (D) unfinished electrode
assembly pressing step further comprises a process of allow-
ing the side surface protection part 1225 and the side surface
of the separator 112 to adhere to each other. That is, when
the pressing of the unfinished electrode assembly 100A is
completed, a left end and a right end of the unfinished
electrode assembly 100A are pressed using the pressing
device 30 to allow the side surface protection part 1225 and
the side surface of the separator 112, which are folded with
respect to each other, to adhere to each other.

Here, adhesion force between the side surface protection
part 1226 and the side surface of the separator 112 is less
than that between the electrode 111 and the separator 112 in
the radical unit 110.

(E) Finished Electrode Assembly Manufacturing Step

Referring to (g) of FIG. 7, in the finished electrode
assembly manufacturing step, a fixing tape 130 is attached
to surround the unfinished electrode assembly, thereby
manufacturing a finished electrode assembly 100. That is, in
the finished electrode assembly manufacturing step, one end
of the fixing tape 130 is attached to the separation part 1224
of the separation sheet 122 of the auxiliary unit 120, and the
other end of the fixing tape 120 is attached to a bottom
surface of the separator 112 disposed at the lowermost end
of the radical unit 110 via the side surface protection part
1224 of the separation sheet 122. Here, the fixing tape 130
is attached to both side surfaces of the unfinished electrode
assembly.

(F) Secondary Battery Manufacturing Step

Referring to (h) of FIG. 7, in (F) the secondary battery
manufacturing step, the finished electrode assembly 100 and
an electrolyte (not shown) are accommodated in a case 200,
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and then, an edge surface of the case 200 is sealed to
manufacture a finished secondary battery 10.

Electrode Pack According to Third Embodiment of
the Present Invention

As illustrated in FIG. 8, a battery pack 1 according to a
third embodiment of the present invention comprises one or
more secondary batteries 10 and a pack case 20 accommo-
dating the one or more secondary batteries 10. Each of the
secondary batteries 10 comprises an electrode assembly 100
and a case 200 accommodating the electrode assembly 100.

Also, the electrode assembly 100 comprises a radical unit
110 having a structure, in which a plurality of electrodes 111
and a separators 112 are alternately stacked, and one elec-
trode 111 is stacked at the uppermost end, and an auxiliary
unit provided with a separation sheet 122 disposed at the
uppermost end side of the radical unit 110. The separation
sheet 122 comprises a separation part 122a disposed at the
uppermost end side of the radical unit 110 and a side surface
protection part 1225 connected to a side surface of the
separation part 122a and folded to contact a side portion of
the radical unit 110 to cover the side portion of the radical
unit 110.

The secondary battery 10 has the same configuration and
function as the above-described secondary battery according
to the second embodiment of the present invention, and thus,
the same reference numerals are used for the same configu-
ration, and duplicated descriptions are omitted.

Thus, the battery pack 1 according to the third embodi-
ment of the present invention comprises the secondary
battery 10 provided with the separation sheet to significantly
reduce a defective rate.

Electrode Assembly According to Fourth
Embodiment of the Present Invention

As illustrated in FIG. 9, an electrode assembly 100
according to a fourth embodiment of the present invention
comprises an auxiliary unit 120 provided with a separation
sheet 122 disposed at the uppermost end side of the radical
unit 110.

Here, the separation sheet 122 comprises a separation part
122a disposed at the uppermost end side of the radical unit
110 and a side surface protection part 1225 connected to
each of side surfaces of the separation part 122a and folded
to contact a side portion of the radical unit 110, thereby
covering the side portion of the radical unit 110.

Particularly, the separator sheet 122 is made of the same
material as the separator 112 provided in the radical unit 110.

The auxiliary unit 120 may further comprise an electrode
121 disposed at the uppermost end side of the separation
sheet 122.

That is, the auxiliary unit 120 has a structure in which the
electrode 121 and the separation sheet 122 are alternately
stacked in a vertical direction. The auxiliary unit 120 in
which the electrode 121 and the separation sheet 122 are
stacked vertically is stacked on a top surface side of the
electrode 111 disposed at the uppermost end side of the
radical unit 110.

Here, the electrode 121 of the auxiliary unit 120 and the
electrode 111 disposed at the uppermost end of the radical
unit 110 have different polarities. That is, when the electrode
111 disposed at the uppermost end of the radical unit 110 is
a first electrode, the electrode 121 of the auxiliary unit 120
may be a second electrode. On the other hand, when the
electrode 111 disposed at the uppermost end of the radical
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10
unit 110 is a second electrode, the electrode 121 of the
auxiliary unit 120 may be a first electrode.

For example, the separation sheet 122 comprises a sepa-
ration part 1224 disposed at the uppermost end side of the
radical unit 110 and a side surface protection part 1224
connected to each of side surfaces of the separation part
122a and folded to contact a side portion of the radical unit
110, thereby covering the side portion of the radical unit 110.
That is, in the separation sheet 122, the separation part 1224
is disposed at the uppermost end side of the radical unit 110
to separate the electrode 121 of the auxiliary unit 120 from
the electrode 111 disposed at the uppermost end of the
radical unit 110 and connect the side surface protection part
122b to each of both side surfaces of the separation part
122a. Here, the side surface protection part 1225 is folded
toward the side surface of the radical unit 110 to prevent the
side surface of the radical unit 110 from being exposed to the
outside.

Thus, the electrode assembly 100 according to the fourth
embodiment of the present invention may block the intro-
duction of the foreign matter into the side surface and
simultaneously secure a large battery capacity.

The electrode 121 has a structure in which an electrode
active material layer is provided only on one surface facing
the separation sheet 122. That is, the electrode 121 com-
prises an electrode collector 121a¢ and an electrode active
material layer 1215 applied to an inner surface (a bottom
surface of the electrode collector when viewed in FIG. 9) of
the electrode collector 121a, which faces the separation
sheet 122.

Therefore, the electrode assembly 100 according to the
fourth embodiment of the present invention may prevent the
electrode active material layer from being unnecessarily
wasted, thereby significantly reducing costs.

Electrode Assembly According to Fifth
Embodiment of the Present Invention

As illustrated in FIGS. 10 to 12, an electrode assembly
100 according to a fifth embodiment of the present invention
comprises a radical unit 110 and an auxiliary unit 120. The
auxiliary unit 120 comprises a separation sheet 122, and the
separation sheet 122 is disposed at the uppermost end side
of the radical unit 110.

For example, the separation sheet 122 comprises a sepa-
ration part 1224 disposed at the uppermost end side of the
radical unit 110 and a side surface protection part 1224
connected to each of side surfaces of the separation part
122a and folded to contact a side portion of the radical unit
110, thereby covering the side portion of the radical unit 110.

The separation sheet 122 further comprises a bottom
surface protection part 122¢ connected to a lower end
surface of the side surface protection part 1225 and folded
to contact the lowermost end surface of the radical unit 110
to prevent foreign substances from being introduced
between the lowermost end surface of the radical unit 110
and the side surface protection part 1225 through the bottom
surface protection part 122c.

Particularly, a portion or the whole of the bottom surface
protection part 122¢ may adhere to the lowermost end
surface of the radical unit 110. Thus, fixing force of the
separation sheet 122 may increase to improve adhesion
between the side surface protection part 1226 and the
separator 112 of the radical unit 110.

The separation sheet 122 further comprises a surface
protection part 122d connected to each of both side surfaces
(front and rear surfaces of the side surface protection part
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when viewed in FIG. 10) of the side surface protection part
1225 and folded to contact each of front and rear surfaces of
the radical unit 110 to effectively prevent the foreign sub-
stances introduced into the front and rear surfaces of the
radical unit 110 through the surface protection part 1224.

In summary, referring to FIG. 11, the separation sheet 122
comprises the separation part 122a, the side surface protec-
tion part 1225 provided on each of both side surfaces of the
separation part 122a, the bottom surface protection part
122¢ provided on each of both side surfaces of the side
surface protection part 1225, and the surface protection part
122d provided on each of the front and rear surfaces of the
side surface protection part 1225.

Therefore, the electrode assembly 100 according to the
fifth embodiment of the present invention may prevent the
foreign substances from being introduced into the front and
rear sides as well as the side surfaces of the electrode
assembly.

Electrode Assembly According to Sixth
Embodiment of the Present Invention

As illustrated in FIG. 13, in an electrode assembly 100
according to a sixth embodiment of the present invention, a
separation sheet 122 comprises a separation part 122¢ and a
side surface protection part 1225. When the electrode assem-
bly is completely manufactured, the side surface protection
part may be removed from the separation part 122a. As a
result, side surfaces of the electrode 100 may be opened to
improve impregnation of the electrode assembly 100 and the
electrolyte when the secondary battery is manufactured.

That is, since a large amount of foreign substances are
generated when the electrode assembly is manufactured, the
side surfaces of the electrode assembly 100 may be pro-
tected through the side surface protection part 1225 of the
separation sheet 122, and when the electrode assembly 100
is completely manufactured, the side surface protection part
1224 of the separation sheet 122 may be removed to open
the side surfaces of the electrode assembly 100.

As illustrated in FIG. 13, a cutoff line 120a may be
formed on a boundary between the separation part 122a and
the side surface protection part 1225, and thus, the side
surface protection part 1225 may be easily cut along the
cutoff line 120q.

Accordingly, the scope of the present invention is defined
by the appended claims more than the foregoing description
and the exemplary embodiments described therein. Various
modifications made within the meaning of an equivalent of
the claims of the invention and within the claims are to be
regarded to be in the scope of the present invention.

The invention claimed is:

1. An electrode assembly comprising:

a radical unit in which electrodes and separators are
alternately stacked, the radical unit having one elec-
trode stacked at an uppermost end; and

a separation sheet disposed at the uppermost end of the
radical unit,

wherein the separation sheet comprises:

a separation part disposed at the uppermost end of the
radical unit;

a pair of side surface protection parts, each of the pair of
side surface protection parts connected to a side surface
of the separation part and folded to contact a side
portion of the radical unit to cover the side portion of
the radical unit;

a pair of bottom surface protection parts, each of the pair
of bottom surface protection parts connected to a lower
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end surface of one of the side surface protection parts
and folded to contact a lowermost end surface of the
radical unit, and

a punching hole through which foreign substances do not

pass, but an electrolyte passes, in at least one of the pair
of side surface protection parts of the separation sheet,
wherein the separation part has a width extending
between the pair of side surface protection parts,
wherein a combined width of the pair of bottom surface
protection parts is less than half the width of the
separation part,
wherein the pair of side surface protection parts adhere to
side surfaces of each of the separators provided in the
radical unit, and

wherein adhesion between the pair of side surface pro-

tection parts and the side surfaces of the separators is
less than adhesion between each of the electrodes and
the separators in the radical unit.

2. The electrode assembly of claim 1, wherein the radical
unit and the separation sheet adhere to each other with
adhesion less than adhesion between each of the electrodes
and the separators in the radical unit, or are adjacent to each
other without the adhesion.

3. The electrode assembly of claim 1, wherein a portion
or the whole of the bottom surface protection parts adhere to
the lowermost end surface of the radical unit.

4. The electrode assembly of claim 1, wherein the sepa-
ration sheet further comprises a surface protection part
connected to each side surface of each of the side surface
protection parts and folded to contact front and rear sides of
the radical unit.

5. The electrode assembly of claim 4, wherein the surface
protection parts include a first pair of surface protection
parts connected to a front edge of the pair of side surface
protection parts, respectively,

wherein each of the first pair of surface protection parts

has a first edge connected to the front edge of one of the
pair of side surface protection parts and a second edge
opposite the first edge, and

wherein the second edges of the pair of surface protection

parts are spaced from each other.

6. The electrode assembly of claim 5, wherein the surface
protection parts include a second pair of surface protection
parts connected to a rear edge of the pair of side surface
protection parts, respectively.

7. The electrode assembly of claim 1, wherein the sepa-
ration sheet is made of a synthetic resin material.

8. The electrode assembly of claim 1, further comprising
a fixing tape attached to surround the radical unit and the
separation sheet.

9. The electrode assembly of claim 1, further comprising
an electrode disposed on a first side of the separation sheet,
the radical unit being on a second side of the separation sheet
opposite the first side.

10. The electrode assembly of claim 1, wherein a cutoff
line is formed on a boundary between the separation part and
each of the side surface protection parts.

11. The electrode assembly of claim 1, wherein the
separation sheet directly contacts the radical unit.

12. The electrode assembly of claim 1, wherein the width
and a length of the separation sheet is larger than a width and
a length of the radical unit.

13. A secondary battery comprising:

an electrode assembly; and

a battery case configured to accommodate the electrode

assembly,

wherein the electrode assembly comprises:
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a radical unit in which electrodes and separators are
alternately stacked, the radical unit having one elec-
trode stacked at the uppermost end; and

a separation sheet disposed at the uppermost end of the
radical unit,

wherein the separation sheet comprises:

a separation part disposed at the uppermost end of the
radical unit;

a pair of side surface protection parts, each of the pair of
side surface protection parts connected to a side surface
of the separation part and folded to contact a side
portion of the radical unit to cover the side surfaces of
the radical unit;

a pair of bottom surface protection parts, each of the pair
of bottom surface protection parts connected to a lower
end surface of one of the side surface protection parts
and folded to contact a lowermost end surface of the
radical unit; and

a punching hole through which foreign substances do not
pass, but an electrolyte passes, in at least one of the pair
of side surface protection parts of the separation sheet,

wherein the separation part has a width extending
between the pair of side surface protection parts,

wherein a combined width of the pair of bottom surface
protection parts is less than half the width of the
separation part,

wherein the pair of side surface protection parts adhere to
side surfaces of each of the separators provided in the
radical unit, and

wherein adhesion between the pair of side surface pro-
tection parts and the side surfaces of the separators is
less than adhesion between each of the electrodes and
the separators in the radical unit.

14. The secondary battery of claim 13, wherein the side
surface protection part is cut from the separation part when
the electrode assembly is accommodated in the battery case.

15. A method for manufacturing a secondary battery, the
method comprising:

14

alternately stacking electrodes and separators to manu-
facture a radical unit, wherein one electrode is stacked
at an uppermost end of the radical unit;

cutting a separation film to manufacture a separation part
having a size corresponding to each of the separators
and a pair of side surface protection parts, each of the
pair of side surface protection parts connected to a side
surface of the separator to manufacture a separation
sheet;

locating the separation sheet at an uppermost end of the
radical unit and folding the side surface protection parts
with respect to the separation part and then locating the
side surface protection parts on each side surface of the
radical unit to manufacture an unfinished electrode
assembly;

pressing the uppermost end and a lowermost end of the
unfinished electrode assembly at the same time to allow
the separation sheet and the radical unit to adhere to
each other;

attaching a fixing tape to surround the unfinished elec-
trode assembly and thereby to manufacture a finished
electrode assembly;

accommodating the finished electrode assembly in a bat-
tery case and sealing an edge surface of the battery case
to manufacture a finished secondary battery:

adhering the pair of side surface protection parts to side
surfaces of each of the separators provided in the
radical unit; and

forming a punching hole through which foreign sub-
stances do not pass, but an electrolyte passes, in at least
one of the pair of side surface protection parts of the
separation sheet,

wherein adhesion between the pair of side surface pro-
tection parts and the side surfaces of the separators is
less than adhesion between each of the electrodes and
the separators in the radical unit.
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